found in the corium and in the subcutaneous fat. The main source of 7-dehydrocholesterol, therefore, was considered to be the epidermis, rather than sebaceous glands. However, the site of 7-dchydrocholcsterol within the epidermis was not located. In the present study 7-dchydrocholestcrol was found in highest concentration in the Malpighian layer of the epidermis. Particular attention was also paid to the variations of this component both in normal epidermis and in the epidermis obtained from the uninvolved skin of psoriatic subjects.
1\4AvER5AL5 AND METHOD5
Skin specimens. Samples were obtained from cadavers within 18 hours after death and from human volunteers. The cadavers were washed with water and specimens approximately 1" x 4" were cut from the mid-abdominal region, and in some eases from the anterior thigh and midscapular regions also. From several cadavers a strip of skin approximately " to 1" wide, extending from the mid-sternum region to the lower abdomen, was excised.
Surgical specimens of clinically uninvolved skin were obtained from the midscapular region of human volunteers with psoriasis and from the same region of normal controls. Most of the donors were male prison inmates. Specimens from the thigh of a female with psoriasis, and from a female control were obtained in addition. Skin sites were prepared by washing first with soap and water aud then rinsing three times with 0.1% aqueous Zcphiran® solution. Procaine (1%) was injected intradermally and an elliptical piece of skin approximately 2" x 3/4" was excised to the level of the subcutaneous fat. The patients with psoriasis, all but two of whom were volunteer prisoners, were not undergoing treatment prior to the excision of the skin specimens. The age, sex, color and disease, if any, were recorded for each cadaver and volunteer. Removed tissues were frozen immediately with solid CO2 and then stored in the deep-freeze. Analytical procedures were begun within seven days.
Specimens from cadavers and from volunteers were handled similarly, for the most part. After thawing, the subcutaneous fat, if any adhered, was trimmed away with fine scissors. From specimens removed from the back, part of the lower dermis was also trimmed away, so that the specimen could be stretched adequately. Each specimen was then stretched according to the method of Van Scott (10) , and in most cases the epidermis was removed in fob. Some stretched specimens were at first scraped with the top of a razor blade tilted in the direction of scraping, in order to remove the stratum corneum separately. After to that seen after cellophane tape stripping. A cyclohexane extract of Scotch Tape® alone contained large amounts of fast-acting LiebermannBurchardt chromogens so that Scotch Tape® could not be used to separate the stratum corneum from Malpighian layer for lipid determinations. Microscopic examination showed that after the superficial scraping as described, tufts of adherent stratum corneum remained, but that the Malpighian layer remained intact. After 3 to 10 scrapings, the remaining Malpighian layer and adherent stratum eorneum were removed in toto and extracted separately.
Specimens of separated subcutaneous fat, dermis, and psoriatic scales and carbon tetrachloride wipings of uninvolved skin of the back in a patient with psoriasis were also examined. The dermis was cut into pieces less than 3 mm. thick before analysis.
Extraction of lipids. After separation of the specimens, each was freeze-dried to constant weight and then extracted for 6-12 hours with acetone in a micro-Soxhlet extractor. Digestion of the residue with 20% NaOH followed by extraction with ether showed no residual ethersoluble material. After careful evaporation of the acetone under nitrogen the sample was purified by passage through cyelohexane, dried and weighed. At all stages in the analytical procedure care was taken to avoid any possible exposure to ultraviolet light.
Some specimens were further analyzed separately; others were pooled. Four pooled specimens were obtained: two consisted of total epidermal lipids from the abdomen, the first from 4 cadavers, the second from 5; one was isolated stratum corneum lipids from the abdomen from 7 cadavers; and the fourth (from S cadavers) was lipids from the residual epidermis after removal of the stratum corneum as described above. This fourth pooled specimen was labelled "Malpighian layer lipids", although it contained a small proportion of lipids from the lower stratum corneum as well. total epidermis and in the Malpighian layer, but only a small amount in the stratum eorneum. The concentration of free and of esterified cholesterol is highest in the Malpighian layer and relatively low in the stratum corneum. The ultraviolet absorption spectra of the free sterol fractions from the three different layers are shown in Fig. 1 , indicating the presence of the absorption bands of 7-dehydroeholesterol in total epidermis and in the Malpighian layer and their absence in the horny layer. Due mainly to the higher sterol concentration in the Malpighian layer the concentration of non-saponifiable matter is also highest in this specimen. Examination of the fatty acids has indicated a much simpler biosynthesis than occurs in the sebaceous glands * Wheatley (22) . FAG. 1. Ultraviolet absorption spectra of the free sterol fractions isolated from total epidermis (1), "Malpighian layer" (2) and stratum corrieum (3) .
( Table 2 ). The odd numbered and branched acids (8) of the skin surface lipids are almost completely absent from all three specimens. In comparison with the epidermal lipids the subcutaneous fat contains less of the shorter chained acids.
It has been known for a long time that the C16 and C18 acids are the main components of depot fats. The composition of the non-saponifiable matter from total epidermal lipids (Table 3) shows the presence of some squalene, appreciable amounts of hydrocarbons but a lower proportion of wax alcohols than occurs in the skin surface in Table 5 . The lipid and sterol content of the assumed that the epidermis from the sole would not be contaminated with sebum. A pooled specimen from the sole of three cadavers was therefore obtained. In this specimen (Table 6 ) the lipid content of the epidermis was considerably lower than for epidermis from other regions.
However, the cholesterol content of this low lipid fraction was relatively high. The 7-dehydrocholesterol content was lower (0.11% of total lipids) than in most other specimens, as was also the proportion of cholesterol esters. The proportion of fast-acting sterols other than 7-dehydrocholesterol was in the high average range of other areas.
. Surgical specimens Normal males. Specimens from the back of 9 male volunteers aged 23-52 were obtained. In these specimens the lipid and sterol content of the epidermis (Table 7) (Table 8) show that the lipid and sterol content of the epidermis is not significantly different from the normal subjects. In S of the 6 cases of active psoriasis the 7-dehydrocholesterol content of the lipids could not be estimated accurately because the free sterol fraction contained a substance which was not identical with 7-dehydroeholesterol; nor was it a fast-acting sterol. The ultraviolet spectrum (Fig. 3) of this material showed two sharp peaks at 270 and 281 mM; but, unlike 7-dehydrocholesterol, it had no peaks at 260 and 293 mis. However, in the specimens from the back, the total amount of fast-acting sterols including 7-dehydroeholesterol was significantly lower in uninvolved skin of psoriatics than in the controls. This may indicate a deficiency in the synthesis of these compounds by the epidermis in patients with psoriasis. The proportion of esterified cholesterol was slightly higher than in the normals, but the difference was not striking. sis showed the same unusual substance interfering with the determination of 7-dehydrocholesterol. Otherwise there was little difference between this specimen and the control.
Skin Surface Lipids and Scale Lipids in Psoriasis
For the purposes of comparison an opportunity was taken to examine the sterol content of the surface lipids and scale lipids from a female psoriatie subject aged 58 (Table 9 ). In both materials accurate estimation of the 7-dehydrocholesterol content of the lipids was not possible due to interference by a substance similar to that found in the epidermis of the patients with psoriasis. This was, however, present in lower concentration than was found in the uninvolved epidermis of patients with psoriasis. In the surface lipid, the proportion of ester to total cholesterol was within the range for psoriaties obtained by Rothman (18) , and was below the normal range given by this author. The ester cholesterol content of the scales, however, was significantly lower even than that for the surface lipids of this subject, and was also lower than in the stratum eorneum lipids from normal cadavers. Numerically, in normal stratum corneum lipids the esterifleation percentage was 30.5% (see Table 1 ), in psoriatie scales 9.8% (see Table 9 ).
DISCUSSION
The complexity of the cutaneous lipids should be re-emphasized. Surface lipids consist of a mixture of sebaceous gland products and of lipids from the keratinizing epidermis. The horny layer imbibes this mixture. Early analyses of the epidermal lipids as such were limited to the plantar skin (4, 5) for the most part, in order to avoid contamination with sebum.
Recently Glaseaapp and Leonhardi (6) have analyzed lipids of the total epidermis in normals and of involved and uninvolved epidermis from the trunk of patients with psoriasis. Their material was said to have been freed of surface lipids, although this, of course, must necessarily be a somewhat inexact procedure. Nicolaides and Rothman (7), in a study of the site of sterol and squalene synthesis in the human skin, separated and examined total epidermis and corium from the human forearm. Other chemical studies on skin lipids (19, 20, 21) have included lipids of the corium, and are not directly comparable to studies on separated epidermis. The epidermal lipids in the present study are admixed with surface lipids in various proportions. The individual specimens from cadavers contained surface lipids in the original concentrations, modified by post-mortem washing. The surgical specimens studied here were washed with soap and water and rinsed thoroughly with dilute aqueous Zephiran® solution before removal so that a certain proportion of the surface lipids was removed in each case. The pooled samples of "total epidermal lipids" and "stratum corneum lipids" contain somewhat less than the in vivo concentration of surface lipids, since the specimen in each case had been washed with water. The absence of gross contamination by the surface lipids has been confirmed by examination of the component fatty acids of all materials. In these specimens the fatty acids characteristic of the surface lipids are present only in low concentration. The pooled samples of "Malpighian layer lipids", however, presumably consisted of epidermal lipids in a rather pure state, since most of the stratum corneum and its admixed lipids were scraped away.
The present results agree in only a general way with previous data. Our finding of approximately 80% of cholesterol in a free state in both Malpighian layer and total epidermis agrees with Kooyman's observations (5) for plantar epidermis, but is in disagreement with the figure of 40% given by Glasenapp and Leonhardi for epidermis from the trunk (6) . It is of considerable interest that a much larger proportion of "Malpighian layer lipid" than of "stratum eorneum lipid" is non-saponifiable. This reflects, in part, the increased sterol synthesis of the epidermis compared with the sebaeeous glands. Our results are in agreement with the data of Nieolaides and Rothman (7), who found a much higher concentration of non-saponifiable lipids in total forearm epidermis than in eorium lipid. Our figure for squalene, calculated as 0.4% dry epidermis, is in substantial agreement with that of 0.28% given by Nicolaides and Rothman (7) .
Analysis of the component fatty acids by gas chromatography showed that the fatty acids of the Malpighian layer differ markedly from the surface lipids (8) and from dermoid cyst lipids (22) . The odd numbered (1) and branched acids, characteristic of the surface lipids, could not be detected. In contrast with the subcutaneous fat the Malpighian layer lipids contained more n-C10 acid.
In the course of sterol determinations by the Liebermann-Burehardt method, it became apparent that a significant proportion of epidermal sterols is "fast-acting", i.e., that there is an immediate color change, which fades rapidly, due not to cholesterol, but to other sterols. The ultraviolet absorption spectrum of this material was characteristic of 7-dehydroeholesterol (pro-vitamin D3) (9) . Since the work of lou (23) However, difficulties were encountered in clearly demonstrating the presence of the pro-vitamin on the skin surface (25) . Miller and Baumann (26) recently demonstrated 7-dehydroeholesterol in total human skin. Recently, Wheatley and Reinertson (9) found that the concentration of 7-dehydroeholesterol is much higher in total epidermis than in eorium or subcutaneous fat.
They postulated that in man, perhaps unlike lower animals, pro-vitamin D originates in the epidermis, rather than in sebaceous glands. However, 7-dehydrocholesterol was not then precisely localized within the epidermis. In the present study it is shown clearly that the concentration of 7-dehydroeholesterol is greater in the Malpighian layer than in any other cutaneous stratum and is apparently synthesized there, rather than in the sebaeeous glands. There can be little doubt that the pro-vitamin activating wavelengths of the ultraviolet spectrum penetrate into the Malpighian layer of human skin.
In addition to 7-dehydroeholesterol, there are small amounts of other "fast-acting" sterols in human epidermis. The nature and significance of these are unknown, though one component is likely to he lathosterol (eholest-7-en-3f3o1) which has been isolated by Idler and Baumann (16) from rat skin. The data presented are in accord with the view that in cholesterol synthesis the following sequence takes place: lanosterol -,
Our finding of a striking decrease in phospholipid concentration in the stratum corncum as compared with the Malpighian layer confirms the results of Kooyman (5) on plantar epidermis, and is in accord with the finding of Snider, Gottschalk and Rothman (27) that epidermal choline is both split from its phospholipid complex and decomposed during keratinization.
With regard to total lipid and sterol concentrations, comparable specimens from adult cadaver skin and surgically removed skin in vivo gave similar results. The total stcrol and 7-dchydrocholcstcrol concentration was highest in the epidermis of a 2 week infant. This may reflect a smaller proportion of admixed sebum in the infant or a more active sterol synthesis shortly after birth.
Our findings for the ratio of cholesterol ester to total cholesterol in carbon tetrachloridc wipings and scale lipids from a patient with psoriasis are in accord with the observation of Rothman that in psoriasis this ratio is abnormally low (18) . However, our findings for the cholesterol esters from uninvolved epidermis of patients with psoriasis were within the normal range. Possibly this defect is confined to the lipids near the surface. Some of the surface lipids were removed during preparation for surgery, as described earlier in this paper, so that a defect might not be manifest in tissue analysis of surgical specimens.
In 5 of the 6 specimens from patients with psoriasis we found an unusual lipid travelling together with 7-dchydrocholcsterol on the alumina column. This material has a broad ultraviolet absorption in the range 260-290 mp with sharp peaks at 270 and 281 m and this interferes with the determination of 7-dehydrocholcstcrol. It does not seem to give a "fast-acting" Liebcrmann-Burchardt reaction. This material was not found in any of the normal control specimens. Its nature and significance have not been determined. Small amounts of this material were present in psoriatic scales and in carbon tetrachloride wipings from the uninvolved back of a patient with psoriasis. 3. In normals, epidermal lipids from the Malpighian layer differ quantitatively from the lipids of the stratum corncum and of total epidermis. The non-saponifiable fraction of the Malpighian layer is much higher, due mainly to its larger stcrol content. All sterol fractions, i. e., free and total cholesterol, 7-dchydrocholcstcrol, and other Liebcrmann-Burchardt "fast-acting" stcrols, arc markedly higher in the Malpighian layer. Squalcnc and other hydrocarbons, wax alcohols and polyhydroxy substances nrc also found in the epidermis, but this may be due to contamination of the horny layer with sebaccous material. The total phospholipid concentration in the Malpighian layer is many times that in the stratum corneum. Total fatty acids, however, are significantly lower in the Malpighian layer. The epidermal fatty acids differ from those previously reported for skin surface lipids in that they do not contain significant amounts of odd-numbered and branched acids but contain a greater amount of unsaturated C13 acids. 4 . The amounts of total lipid and total stcrols in surgical and cadaver specimens were similar for adults, male and female, from several body regions. Extremely high concentrations of total stcrol and 7-dchydrocholcstcrol, however, were found in a 2 week old infant. The total lipid content of plantar epidermis is quite low, but the sterol fraction of this lipid is relatively high. 5 . In specimens of uninvolved epidermis from 6 cases of active psoriasis the lipid and stcrol content was not significantly different from that of normal subjects. The total sum of "fast-acting" stcrols was lower than normal in 5 of the 6 psoriatics. The proportion of cstcrificd cholesterol of lipids from psoriatic scales and from uninvolved skin surface lipids was found to be low. This, however, was not true of the total epidermis from uninvolved areas in patients with psoriasis, possibly because some of the surface 6. A peculiar, hitherto unidentified, lipidsoluble substance was found in uninvolved epidermis of 5 out of 6 patients with psoriasis. In small amounts this material was also recovered from psoriatic scales and from surface lipids. This substance could not be detected in any of the normal specimens. It travels together with the free sterols on the chromatographie column, and has a broad ultraviolet absorption spectrum between 260 and 290 mji with two sharp peaks at 270 and 281 mjz. It does not seem to be a "fastacting" sterol.
